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(54) UTILIZATION OF INTERFERON ALPHA 5 IN THE TREATMENT OF VIRAL HEPATOPATHIES 



(57) The invention relates to the use of interferon 
alpha 5 in the treatment of viral hepatopathies. The 
invention describes the reduced synthesis of IFNoc5 in 
the livers of patients with hepatitis C in comparison to 
healthy livers. The sub-type of IFN expressed in said 
healthy livers corresponded only to the subtype alpha 5 
in comparison with the different sub-types expressed in 
ill livers. The sequence SEQ ID NO:1 shows the partial 
sequence of cDNA corresponding to IFNa5. These sig- 
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nificant differences between the expression patterns of 
some livers an others demonstrate the importance of 
the use of such interferon sub-type in the fabrication of 
compositions useful in the treatment of viral hepatopa- 
thies. The invention discloses in details such utilization 
in different forms and processes, including those which 
use the production of recombinant proteins from 
sequences of the type SEQ ID NO:1. 
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Description 

,0001] The invention re.ates to the production of interferon a.pha 5 

of liver diseases of viral origin. . h interfe ron produced in the healthy liverandthat 

miS We have shown that .FN-alpha 5 is sole sub^pe o^ha n ^ ^ m , ue l(1 

Evils are clearly reduced in chronic hepatitis C, wh.ch c0(f gene sequence for this interferon, 

t of Js disease and ^ » ^ ^ ** 

rnM41 Viral infection is the main stimulus for the product on ortyp factofS and other ^clones 

m in addition to having its antiviral effect. FNa e^™" fm es are expressed as a matter of course in 
growth and differentiation of the cells in the immune system pMRMog ^ ^ ^ ^ ( s 

Tman tissue in healthy individuals (4). ^ *^S^iSSon teveL The spec'rfic activation of t^nscnpton 
6). The induction of .FN by viruses vl the domains regulating the promoter of <FN« 

occurs through the interaction of cell factors induced by 

A„ IFNa and ,FN P subtypes have a common receptee , jj. ^^JSST^ 
eSp or for «t IFNa subtypes indicate that a.. ^^^^S*a 5 a'nd IFNp 8 interferon subtypes 
appear to be those having the greatest antiv.ra J ^'v^Ant.prome rat h ^ subtypes ( , 0) 

Hepatitis C virus (HCV) is a single chain RNA virus ^^^^jLon of the West. Studies perfonned ,n 
the production of a predominant proHe of Th2 cytokines P s a sustaine d response m around 30 A 

r.p-.c. » .« r .-"^-s rrysraz ^ - - — - ^ • 

of patients with chronic hepatitis U txpres.* 
nlaUby controls and patients with chrome hepatitis C. 
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^s.so.atesbyDNAenzyrne.rnunoassay.XV.ro,.^ 
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tionship with the response to interferon treatment. J Hepatol 

nF^°'°T.nu OFTHF IN VENTION 

Patients and controls „ Wnnsies from 16 patients with 
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genotype was determmed in 14 j?^™* a FNo and lFNp - genes was ^^""^f The laparotomies 
were performed on account of the presence o g ^ g ^ m cyst m another pat^u ^ 

H=z=^i^==^- 

ing at leas' 6 months pflor to the study. 
. p r =p..»<.a.MW.,PBMC.ad«sa«...-..»a ^ 

. ST— I----.---------"-"-- 

was kept at -40»C until use. 

v« of iFNa and IFNB genes in the liver and PBMC 
Analysis of the expression of IFNa ana imp a 
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traces of DNA was checked by including control reactions without reverse transcription. This step is required because 
of the absence of introns in IFNa and IFNP genes (18), which made it impossible for us to distinguish the product of 
PCR from the RNA or possible contaminating DNA. All the controls performed without reverse transcription were neg- 
ative, indicating the absence of contaminating DNA. Total RNA was transcribed (60 minutes at 37°C) with 400 units of 

5 M-MuLV reverse transcriptase (Gibco- BRL, Gaithersburg, MD, USA) in a final volume of 40 uJ of 5 x saline solution (250 
mM Tris-HCI pH 8.3, 375 mM KCI, 1 5 mM MgCy, supplemented with 5 mM DTT, 0.5 mM triphosphate deoxyribonucle- 
otides (Boehringer Mannheim, Mannheim, Germany), 48 units of RNAsas inhibitor (Promega Corporation, MD, US) and 
400 ng of random hexamers (Boehringer Mannheim, Mannheim, Germany). After denaturing the reverse transcriptase 
(95°C, 1 minute) and rapidly cooling over ice, a 10 ul aliquot (0.5 u.g) of the cDNA was used to amplify the IFNa and 

w IFNP by PCR in 50 uJ of 10 x PCR buffer (160 mM (NH 4 )S0 4 , 670 mM Tris-HCI pH 8.8, 0.1% Tween 20) supplemented 
with the direction and antidirection primers (40 ng of each one for IFNa and 60 ng for IFNP), 1.2 mM MgCI 2 and 2 units 
of Biotaq™ DNA polymerase (Bioline, London, LTK). Control reactions without RNA were performed in all the experi- 
ments. As an internal control for each sample a fragment of p-actin cDNA was amplified using a 10 ul aliquot of the 
cDNA obtained previously. The IFNa was amplified by performing 30 or 33 cycles (PBMC or liver respectively) (94°C, 

, 5 60°C and 72°C during 20, 15 and 30 seconds for each step respectively), the INFp was amplified by performing 30 or 
35 cycles (PBMC or liver respectively) (94°C, 58°C and 72°C for 20, 1 5 and 30 seconds for each step respectively) and 
P-actin was amplified by reacting 1 8 or 25 cycles (PBMC or liver respectively) (94°C, 55°C and 72°C for 20, 1 5 and 30 
seconds for each step respectively), protocols which avoid interference with the PCR reaction saturation stage. The oli- 
gonucleotides (5'-3') d (TCC ATG AG ATG ATCCAG C AG ) and d(ATTTCTGCTCTGACAACCTCCC) were used as direc- 

20 tion and antidirection primers respectively to amplify a fragment of 274 pairs of bases located between nucleotides 240- 
514 in the human IFNa gene (1 9). These oligonucleotides are direction primers designed to amplify all the subtypes of 
IFNa. The oligonucleotides d (TCTAGC ACTGGCTGG AATG AG) and d(GTTTCGGAGGTAACCTGTAAG) were the prim- 
ers used to amplify a fragment of 276 base pairs located between nucleotides 349-625 of cDNA of human IFNP (20). 
d(TCTACAATGAGCTGCGTGTG) and d(GGTGAGGATCTTCATGAGGT) were the primers used to amplify a fragment 

2 5 of 314 base pairs (nucleotides 1319-2079) of the p-actin gene (21). 

[0017] After the amplification reactions 20 uJ of the PCR product were run in a 2% agarose gel containing ethidium 
bromide. The bands obtained were displayed using an ultraviolet lamp and were analysed using a commercial pro- 
gramme (Molecular Analyst/PC, Bio-Rad) capable of digitizing and analysing the image obtained. Finally the values 
corresponding to the expression of the IFNa and lFNp genes were standardized with their p-actin correlates. The 

30 results are expressed as the quotient between the value of IFNa and IFNp and the p-actin correlate. Previously we dem- 
onstrated that the mRNA of p-actin was expressed constantly both in the liver and in the PBMC of patients, with chronic 
hepatitis C (22), which has enabled us to standardize IFNa and IFNP values with those obtained for p-actin. 
[0018] Validation curves for the PCR technique were prepared using known quantities of total RNA (from 0 up to 1 
ng). As will be seen in Figure 3, with the total initial RNA quantities used for IFNa, IFNP and p-actin (0.5 ng, for both the 

35 liver and PBMC), we were within the linear range of the PCR amplification curve. The inter-test coefficient of variance 
for IFNo/p-actin was 22% and for IFNp/p-actin it was 24%. The identity of the PCR product obtained was checked for 
IFNa and IFNp by automatic sequencing (ABI prism 1M 310 genetic analyser, Perkin Elmer). 

Identification of IFNa subtypes 

40 

[0019] Total RNA extraction, reverse transcription and the PCR reaction were performed as described above, using 
the IFNa direction primers mentioned. The PCR product obtained was cloned using the commercial TOPO TA cloning 
kit (Invitrogen, Leek, Holland). At least 6 clones from each insert were sequenced in an automatic ABI PRISM 310 
sequencer (Perkin Elmer, Foster, CA), using the Dye Rhodamine Terminator Cycle Sequencing Kit (Perkin Elmer, Fos- 
45 ter, CA). 

Detection, quantification and genotyping of C virus RNA 

[0020] The presence of C virus RNA in serum was determined using the RT-PCR technique (14, 22), using 2 pairs 
so of specific primers for the non-coding 5' region of the C virus genome. The C virus RNA was quantified using the com- 
petitive PCR technique previously described by ourselves (22). The viral genotype was determined using Viazov*s 
method (23) as already described previously (22, 24). The test 5'G(A,G)CCGTCTTGGGGCC(A,C)AAATGAT was used 
to determine genotype 4. 

55 Statistical analysis 

[0021 ] The IFNa and IFNP results are presented as mean ± standard error. The normality of the variables was stud- 
ied using the Shapiro-Wilks test. Statistical analysis of IFNa and IFNp values in PBMC or liver was performed using 
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non-parametric tests (Mann-Whitney U test) or parametric tests (Students T). The association between V™*** 
variables was investigated using the Pearson or Spearman correlation coefficient, as appropriate. Windows SPSS 6.0 
program was used for the statistical analysis. 

Production of recombinant protein 

Ex pression and purification of human interferon-p* in Fscherichia coli: 

rO0221 Despite the fact that the expression of cDNAs originating from eucaryote organisms in Escherichia coli in 
general ensures a high level of production, isolation and purification of the protein of interest involves complex proce- 
dures and low yields. For this reason expression vectors are used to help obtain merged proteins whose purification is 
reduced to an affinity chromatography step, with high yield and efficiency. 

Construction of the expression vector a n d acquisition of recombinant bacte ria 

rO0231 The cDNA which codes for interferon-a5 is cloned in pET14b vector (available commercially from Novagen). 
This vector provides a sequence which codes for a series of histidine residues (1 kDa) which are translated in phase 
with the cloned cDNA to yield a merged protein which includes a 1 kDa histidine tail at its terminal amine end and then 
interferon-a5, with a site between the two which can be cut by thrombin. 

rO024] Once the expression vector has been obtained, competent bacteria of the BL21 (DE3) strain are prepared, 
as this strain contains a gene which can be induced by T7 RNA polymerase, whteh is a necessary requirement for the 
subsequent production of protein. The competent bacteria are converted with the vector previously obtained (pETUb 
with the cloned interferon-o5 cDNA). The transformed bacteria are selected by their growth in LB medium with ampicil- 
lin, as the vector contains a gene which is resistant to this antibiotic. 

re pression and purification of interferon-a5: 

[00251 The transformed bacteria are grown in LB medium with ampicillin at 37°C until an optical density of 0.4 at 
600 nm is obtained. Then expression of the recombinant protein with IPTG is induced at a final concentration of 0.5 mM. 
In this way the lac promoter is induced and as a consequence the T7 RNA polymerase prometer which contains the 
vector and which regulates the expression of the cloned cDNA is induced. The culture is grown for a further 4 hours 
under the same conditions. . . . . 

[00261 To obtain the extracts, once the bacteria have grown, centrifuging is carried out at 4°C. The precipitated bac- 
teria are resuspended in 10 mM Tris/HCI buffer, 10% saccharose, 2 mM 2-mercaptoethanol and protease inhibitors. 
Homogenization was performed uttrasonically by incubation for 30 minutes with lysozyme at 4°C. This breaks down the 
bacterial wall and improves the yield of the extraction process. The cytosol extract is obtained by centreing the 
homogenate at 100 000 g for 90 minutes. Protein production is checked by analysing the cytosol fraction by SDS-PAGc. 
r00271 His-interferon-a5 merged protein is purified by chromatography of the cytosol extract in a 2 ml nickel column. 
The protein is eluted by washing the column with 1 M imidazole. The pure protein is processed with thrombin and the 
interferon-a5 is subsequently repurified by molecular exclusion chromatography. 

Fv pression and purification of hum an interferon-ct5 in Solarium tuberosum: 

[00281 Construction of the expression vector and acquisition of transgenic plants. 

00291 The cDNA which codes for interferon-.* is cloned in an Agrobacterium tumefaciens expression vector. Th.s 
vector contains the potato promoter (the most abundant protein in the Solanum tuberosum tubercle), as well as a 
sequence which codes for a series of histidine residues (1 kDa) and which are translated in phase with the cloned cDNA 
to yield a merged protein which contains a 1 kDa histidine tail at its terminal amine end followed by interteron-a5. with 
a site between the two which can be cut by thrombin. . 
[00301 Once the expression vector has heen obtained, competent bacteria of the GV2260 strain of Agrobactenum 
tumefaciens are prepared. The competent bacteria are transfoimad using the previously obtained vector. The trans- 
formed bacteria are selected by growth in LB medium with kanamycin, as the vector contains a gene which is resistant 

to that antibiotic. , 
[0031] Subsequently a coculture of the transformed bacteria with the plant material (Solanum tubersosum leaves 
cultivated in vitro) is performed and the plant cells resistant to kanamycin are selected. These cells are regenerated 
until transgenic plants are obtained. 
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Acquisition and purification of interferon-oS: 

[0032] Total protein extraction is performed from tubercles of the transgenic plants which express the interferon -ct5. 
[0033] The purification of His-interferon-a5 merged protein is carried out by chromatography of the protein extract 
5 obtained on a 2 ml nickel column. The protein is eluted by washing the column with 1 M imidazole. The pure protein is 
processed with thrombin and the interferon-a5 is subsequently repurified using molecular exclusion chromatography. 

IFNa subtypes in normal liver tissue and PBMC in healthy individuals 

w [0034] After extraction of the total RNA of the normal liver tissue samples the mRNA of the IFNa was amplified 
using universal primers for all the IFNa subtypes. The PCR amplification products were then cloned and sequenced. 
41 clones from 4 different normal livers were analysed and we observed that the IFNa sequence in the 41 clones was 
the same and corresponded to the IFNa5 subtype (Table I). These results show that IFNa5 is the only IFNa subtype 
expressed in normal liver. The partial cDNA sequence of the IFNaS obtained from all the clones was shown to be SEQ 

75 IDNO:1. 

[0035] To compare the profile of the I FN subtypes expressed in the liver with that expressed in PBMC the total RNA 
of the PBMC from 5 healthy controls was extracted and the IFNa mRNA was amplified with the universal primers for all 
the IFNa subtypes. Of the 43 clones analysed, 15 corresponded to the IFNaS subtype, 14 to the IFNal/13, 6 to the 
IFNa2l and 8 clones to other IFNa subtypes (Table I). These results indicate that the IFNa subtype profile expressed in 
20 PBMC differs from that expressed in normal liver. 

IFNa subtypes in liver tissue and PBMC from patients with chronic hepatitis C 

[0036] The above results show that the normal liver expresses IFNaS, while PBMC express a variety of IFNa sub- 
25 types. In the liver parenchyma of patients with chronic hepatitis C there is mononuclear cell infiltrate, an important 
source of IFNa. This suggests that the profile of IFNa subtypes expressed by the liver in patients with chronic hepatitis 
C might differ from the profile found in normal liver. To investigate the expression of IFNa subtypes in chronic hepatitis 
C we extracted the total RNA from liver samples from 3 different patients and 2 PBMC samples. After amplifying the 
IFNa RNAm with universal primers for all subtypes, we cloned and sequenced 24 clones of liver tissue and 18 clones 
30 of PBMC. As shown in Table 1 , the PBMC from patients with chronic hepatitis C expressed !FNa21 , IFNaS and IFNa7 
(5, 12, and 1 clones respectively). In the liver tissue from these patients we found subtypes IFNct2l, IFNal7 and 
IFNa1/13 (8, 1 and 2 clones respectively) in addition to the IFNa5 subtype (Table I). 

[0037] These data suggest that the production of IFNa by the mononuclear cell infiltrate can cause a change in the 
profile of IFNa subtypes expressed in the liver tissue of patients with chronic hepatitis C. 

35 

Levels of expression of IFNa mRNA in PBMC and the liver of patients with chronic hepatitis C and controls 

[0038] Total RNA was extracted from PBMC and liver samples from patients with chronic hepatitis C (n=25 and 1 6, 
respectively), PBMC samples from healthy controls (n=20) and norma! liver tissue samples obtained by laparotomy 
40 (n=12). The mRNA levels of IFNa were determined using the semiquantitative reverse transcription-polymerase chain 
reaction (RT-PCR) technique using universal primers to amplify all the IFNa subtypes. The values are expressed as the 
ratio of IFNa mRNA to p-actin mRNA. 

[0039] We found that the levels of expression of IFNa in the PMBC of patients with chronic hepatitis C were signif- 
icantly increased in comparison with those found in healthy controls (3.2 ± 0.48 against 1.14 ± 0.26; p=0.001) (Figure 

45 1 A). This result was expected in a viral infection such as hepatitis C in which the PBMC are infected (1 4). On the other 
hand the levels of expression of IFNa mRNA were significantly reduced in the liver tissue from patients with chronic 
hepatitis C in comparison with that expressed in normal liver (0.12 ± 0.03 against 0.43 ±0.12; p=0.003) (Figure 1B). 
[0040] As observed previously, IFNa5 is the only IFNa subtype detected in normal liver, while a mixture of subtypes 
is observed in the liver tissue of patients with chronic hepatitis C. Our findings indicate that in infection by HCV there is 

so a marked reduction in the expression of the IFNa subtype normally expressed in liver tissue. Interestingly, IFNa mRNA 
levels in the livers of patients with chronic hepatitis C show a direct correlation with the Knodell index (r=0.54; p<0.05). 
This finding, together with the observation that the IFNa subtypes detected in the livers of patients with chronic hepatitis 
C are those observed in PBMC suggests that most of the IFNa mRNA found in the liver in hepatitis C comes from the 
inflammatory infiltrate. It appears possible that the reduction in the expression of liver IFNa (IFNaS) may play a part in 

55 making the HCV infection chronic. As a result, these observations may have therapeutic implications if we also bear in 
mind the marked antiviral and antiproliferative activity of the IFNa5 described by other authors (9). 
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Levels of expression of 1FN mRNA in the PBMC and liver of patients with chronic hepatitis C and controls 

1004,1 r^j^;^™^^^ 

ntflcantly Itigher in botn PBMC and tne liven in patients with clvenk; hepatitis C . tw™"" «» 

°FNB «rlal in U the live, and PBMC T* into.es «. HCV mddpt.tas t» « „pe i iFN oanes » me 
i»er in a dntar.nl »a,, end bldeks the production et IFNo td pen* tna ovsrattptdsston of Ft* 

Relational* b««~n th. aapta.aion df IFNa and IFN( pen.. »» »MI had. gaoMypd •"<■ ««- <*-»• » 
chronic hepatitis C 

r0 04 3 ] In order to determine whether the expression of the IFNa or IFNp genes can be related 

[0043] orae usjn ^pefrtive PCR techn.que and determined 

the HCV ge «ff 9 r ^ RfJA |evels jn semm orthe vlra , geno type. 

* 2 ^TlVbetwe'enTeC-ston o, the type . IFN genes and the severity o, liver damage in patients 
Analysing the reiat onsmp w correlated directly with semm aspartate ami- 

liver showed a direct positive correlation with the Knodell index as mentioned previously. 



Table 1 




IFNa subtypes in controls and patients with chronic hepatitis 

C. 


30 




Liver 


PBMC 




Control 1 


9 IFNA5 clones 






Control 2 


9 IFNA5 clones 




35 


Control 3 


11 I FN A5 clones 






Control 4 


12 IFNA5 clones 






Control 5 




3 IFNA5 clones 

4 IFNA21 clones 


40 






2 IFNA1 clones 




Control 6 




8 IFNA5 clones 




Control 7 




10 IFNA1/13 clones 


45 






1 IFNA8 clone 




Control 8 




3 IFNA5 clones 
2 IFNA21 clones 
2 IFNA1/13 clones 


50 






1 IFNA22 clones 
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Table 1 (continued) 





IFNa subtypes in controls and patients with chronic hepatitis 
C. 


5 




Liver 


PBMC 




Control 9 




2 IFNA10 clones 
1 IFNA5 clone 
1 IFNA2 clone 


10 






1 I FN A7 clone 
1 IFNA8 clone 
1 IFNA4 clone 


15 


RNA-HCV (+) 1 


6 IFNA5 clones 
2 IFNA21 clones 
1 !FNA17clone 


7 IFNA5 clones 
1 IFNA21 clone 
1 IFNA7 clone 




RNA-HCV (+) 2 


2 I FN A5 clones 


5IFNA5 clones 


20 




4 IFNA21 clones 


4 IFNA21 clones 




RNA-HCV (+) 3 


5 IFNA5 clones 
2 IFNA21 clones 




25 




2 IFNA1 clones 





Description of the figures 
30 [0044] 

Figure 1: Expression of alpha interferon/p-actin mRNA (ordinate) in peripheral blood mononuclear cells (A) and in 
the liver (B) of healthy controls and patients with chronic hepatitis C (HCV-RNA+) (abscissa). 
Figure 2: Expression of beta interferon/p-actin mRNA (ordinate) in peripheral blood mononuclear cells (A) and in 
35 the liver (B) of healthy controls (C) and patients with chronic hepatitis C (HCV-RNA+) (abscissa). 

Figure 3: Relationship between the initial quantity ot total RNA (abscissa) and the strength of the PCR product 
band obtained by amplifying the mRNA of IFNa (•), IFN(3 (A) and p-actin ( ♦) (ordinate, as counts x mm 2 ) in PBMC 
(A) and liver (B) samples. 



40 Claims 

1 . Use of IFN-alpha 5 or the gene sequence coding for IFN-alpha 5 in the production of compositions useful for treat- 
ment of liver diseases. 

45 2. Use according to claim 1 wherein those compositions are useful against chronic hepatitis C. 

3. Use according to claim 1 wherein those compositions are useful against cirrhosis of viral origin. 

4. Use according to claim t wherein those compositions are useful againts hepatocellular carcinoma. 

50 

5. Use according to anyone of claims 1 -4. in which the composition comprises an IFN-alpha 5 recombinant protein 
obtained by cloning in a suitable host an expression vector comprising the geb sequence coding for IFN-alpha 5. 

6. Use according to claim 5 wherein in which the cloned host is a eucaryote organism, preferably Escherichia coii. 

55 

7. Use according to claim 5, in which the cloned host is a procaryote organism, preferably Solanum tuberosum. 

8. Use according to claims 1-7 in which the composition can be included in any foodstuff: 
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>. Use according to claims 1 to 4, characterised by those compositions comprising the gen sequence coding 
alpha 5 and being applied by somatic gene therapy. 
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